Effect of relative pitch area in recreational football
INTRODUCTION

ABSTRACT:
Recreational football has been shown to be an effective health-promoting activity, but it is still unclear how changes in game formats affect external and internal load. The aim of this study was therefore to evaluate the effect of area per player in recreational small-sided football games. Ten recreational active male football participants (mean±standard deviation, age: 20.1±1.1 years; height: 182.2±7.4 cm; body mass: 75.9±9.8 kg) completed two sessions comprising 2x20 min of 5v5 football with 80 and 60 m 2 per player, during which heart rate (HR) and movement pattern were measured. In 80 m , P=0.011, ES=1.27), whereas no statistically significant differences were found in total distance covered, player load, or the accelerationdeceleration profiles. In conclusion, the internal and external loading was higher for recreationally active male football players when playing on a pitch with 80 m 2 recreational football increased time with ball in play, comparable to additional balls, and affected movement pattern and physiological demands, producing a higher number of accelerations, player load, and mean HR but lower total distance, number of intense runs, and peak speed due to the limited movement area caused by the boards surrounding the pitch.
Therefore, the purpose of this study was to determine differences in movement pattern and intensity between 60 and 80 m 2 of relative pitch area without boards in the standard 5v5 (4v4+GK) recreational football game format. We hypothesized that a larger relative pitch area will elicit a higher number of high speed runs and sprints.
MATERIALS AND METHODS
Participants
Ten healthy recreationally active football participants took part in the study (mean±standard deviation, age: 20.1±1.1 years; height:
182.2±7.4 cm; body mass: 75.9±9.8 kg). Participants completed two training sessions comprising small-sided football games seven days apart. The participants were non-smokers, free from injury and medical conditions and had not been involved in any type of other physical exercises within four days before as well as during the study.
Participants were instructed to maintain their normal daily routines including dietary habits. Before enrolling in the study, all participants were notified of procedures and risks and they all gave their informed consent. The study was carried out in accordance with the guidelines set out in the Declaration of Helsinki and approved by the local ethics committee of the University of Split, Croatia.
in 3v3 (43%, P<0.05) than in 5v5 (28%) and 7v7 (18%). Additionally, significantly greater total distance and high-speed distance (> 13 km h -1 ) were covered during 3v3 than 5v5 and 7v7 when the absolute pitch area was fixed (40x20 m). In contrast, total and highspeed distance and mean HR were similar during 3v3, 5v5 and 7v7, when the relative pitch area was kept constant at 80 m 2 per player [4] .
However, differences in movement pattern and intensity between 60
and 80 m 2 relative pitch area per player with a fixed number of players and fixed length-to-width ratio of 2:1 are still unknown.
Obviously, to be able to plan effective training intervention in recreational football there is a requirement to investigate how to control overall movement pattern and intensity using different relative pitch area with a constant number of players.
In practice, several formats of recreational football have been used (1v1 to 9v9) but the most common is four versus four plus goalkeeper (4v4+GK) on a 40x20 m pitch similar to futsal [12] . 
Heart rate monitoring
Heart rate was recorded at 1-s intervals using short-range radio telemetry (Polar Team System 2, Polar Electro Oy, Kempele, Finland).
Exercise intensity during each recreational football session was as- 
Statistical analyses
Data are presented as means ± SD. Data analyses were performed Data are presented as mean±SD, ES = effect size.
RESULTS
Mean
HR peak in 45% of the total playing time, which is higher than usually observed during 5v5 -9v9 small-sided games [5, 6] . It should be noted, however, that the maximal heart rate used to calculate the relative HR was measured from small-sided games and not an incremental test to ensure maximal HR. Thus, relative HR and time spent in HR zones may be overestimated, but several studies have
shown that HR reaches near maximal values during small-sided games and the overestimation is therefore expected to be minor [5, 11] . The higher physiological strain typically observed in small-sided games on larger pitches is likely to be due to the possibility to make longer offensive and defensive runs [6] . In a recent study, we found, however, that HR was very high although played on a very small pitch surrounded with boards (3v3, 20x13 m, ~43 m 2 per player) leading to very low total distances covered and almost no runs with speed above 13 km·h -1 [9] . It was suggested that the elevated HR response was due to a very high number of ) [4, 6] . This difference may be explained by the fact that only one ball was used in these studies in contrast to the present study, where several balls were used, thereby keeping the time with the ball out of play to a minimum. The studies by
Randers and colleagues [4, 6] also revealed that total distance covered and work rate may be manipulated by changing the game format.
Changing the number of players while keeping area per player constant had little effect on these variables [4] , whereas changing the number of players while keeping playing area constant (and thereby also manipulating area per player) affected total distance covered and work rate [6] . The latter study showed that when increasing area per player (and decreasing number of players), total distance covered and work rate increased, whereas no effect on these parameters was observed when increasing the number of players (and thereby de- This is in line with the findings in the study by Randers and colleagues [6] , in which greater distance with speed >13 km·h -1 was observed during small-sided games on a 40x20 m pitch with 80 m 2 (5v5) compared to 57 m 2 (7v7). In that study, even greater distances were covered during small-sided games with 133 m 2 (3v3).
Thus, the findings in the current study support the observation that found between 80 m 2 and 60 m 2 for several HR zones (Figure 1) with a moderate effect (ES range 0.77-1.07). (Table 1 ) and no differences were found in any player load zone (P=0.265-0.917).
DISCUSSION
The main findings were that peak and mean heart rates as well as time spent with heart rate above 90% HR peak were higher during per player, whereas no differences were found in total distance covered, player load, or the acceleration-deceleration profile.
Mean HR was high (160-167 b.p.m.) during both game formats, and using the peak HR during games to calculate individual relative mean HR, these values corresponded to 83-86% HR peak . This is within the same range (81-89%) as previously reported for recreational small-sided games and 11v11 games for elite football players [10, 11, 20] and recreational football players [5] . A large effect of game format was found on relative mean HR, whereas the effect on relative peak HR was moderate. Differences in HR response between game formats have also been found in a number of studies on recreational [4] , amateur [15] and elite football players [21, 22] and in general, HR increases with increasing area per player, in line with our findings [10, 11] . We observed that HR was above 90%
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Effect of relative pitch area in recreational football the area per player is important for the possibility to cover long distances in the highest speed zones. This is supported by the finding that area per player had a large effect on peak speed, which was higher in 80 m 2 than 60 m 2
. A large effect of area per player on peak speed was also observed by Randers and colleagues [6] , with the highest peak speed during games with the largest area per player.
Castellano and colleagues [23] , however, kept area per player constant at 122 m 2 and found higher peak speed during games on the largest pitches (7v7 and 5v5 > 3v3), whereas another study found no difference in peak speed between small-sided games on different pitch sizes and number of players when area per player was kept constant at 80 m 2 [4] .
In line with these findings, a higher number of runs with 16-20 km·h -1 and sprints (>20 km·h . An increasing number of intense runs with increasing area per player has also been observed by others [6] . To support a higher number of intense runs, blood lactate response has been used to reflect the periods with high intensity, although only a moderate correlation between blood and muscle lactate concentration has been observed in football matches, in contrast to the very large correlation during continuous exercise [24] . Blood metabolites were not measured in the present study, but previous studies have shown a higher blood lactate response to small-sided games with larger area per player [6, 15] . In the study by Randers and colleagues [6] , blood plasma ammonia was also higher during games with the highest area per player, supporting a higher number of periods with very high anaerobic energy turnover.
The movement pattern characterizing small-sided football games includes not only a high number of intense runs and sprints, but also a high number of changes of direction and accelerations and decelerations. We did not find any differences between 80m 2 and 60 m 2 in the distance covered while accelerating or decelerating. Player load is a measure of accelerations in three planes derived from the accelerometer built into the GPS unit. Therefore, player load summarises all the small movements and impacts on the body; these are not registered by the GPS, which only registers displacements. Large to very large correlations have been reported between player load and session-RPE (rating of perceived exertion), Edwards method and total distance covered [25, 26] . Moreover, Montgomery and colleagues reported correlations between player load and blood lactate and HR in small-sided basketball games, thus player load seems to summarise all the factors influencing the intensity during smallsided games. However, no significant differences were observed in player load between 80 m 2 and 60 m 2 games, although HR response, distance covered, number of intense runs and sprints were higher during 80 m
2
. This may be due to the fact that no difference was observed in total distance covered and large to nearly perfect correlations between player load and total distance have been reported [25, 27] . Very large correlations have also been reported between player load and distance covered with low, moderate and high speed [28] ; thus more often high-speed runs and sprints as well as the higher distance covered with the highest speed during 80 m 2 would be expected to lead to higher player load. In a study on the effects of boards surrounding the pitch, higher player load was observed during games with boards, although the distance covered with high speeds was markedly higher during games without boards [9] . In support of this, a moderate correlation has been found between total accelerations > 1.5 m/s 2 and accumulated player load [4] .
The main limitation of this study is associated with the method used to determine the maximal heart rate. The maximal heart rate of each player was not determined during the incremental treadmill test or any field test but only during the small-sided games. Additionally, having in mind that reliability could be affected by several factors, more than two sessions would be preferable for better understanding of workload parameters in recreational football. Nevertheless, to the authors' knowledge, this is the first study to provide internal and external workload information, associated with different relative pitch sizes, while keeping the number of players consistent.
Randers et al. [8] and Randers et al. [6] have previously highlighted the effects of various game formats in recreational football training and the importance of understanding such effects to organize effective and efficient small-sided football training with positive effects on a broad spectrum of health parameters [3] . This study adds important evidence to this knowledge base and contributes to give practitioners valuable guidelines on how to organize recreational small-sided football training for improving health status.
To summarize, the internal and external loading was higher for recreationally active football players when playing on a pitch with 80 m 2 area per player compared to 60 m 2 , with very high heart rates stimulating the cardiovascular system and many repetitions of highintensity actions stimulating the musculoskeletal fitness. Considering that high-intensity interval training is very time-effective, these findings suggest that it is a good idea to use an 80 m 2 per player game format when organising small-sided recreational football aiming at broad-spectrum improvements in fitness and health profile.
